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and predict. 

The utility of this thesis lies in its application at both 
local and higer organizational levels for funding and management 
decisions. The quantification of the SASSY relationships is 
especially useful when auditing SASSY operations as deviations 
from historical patterns are immediately evident. The ability 
to predict future values with equations making use of time- 
lagged data gives the using manager a greater flexibility in his 
operations, and will tend to bring the higher and lower organi- 
zational levels of management into a more common understanding 
of the problems faced by the SASSY Management Unit, thus providing 
greater structure to the decision making process. 
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ABSTRACT 



This Thesis develops thirty-one models defining various 
Supported Activity supply System (SASSY) relationships as 
seen from the perspective of the SASSY Management Onit. 
Multiple linear regression combined with time series 
analysis is used on data drawn from the SASSY Management 
Unit at Camp Pendleton, California. Two years of data are 

used in developing the models which are then tested against 

\ 

five months of actual data to determine their abilities to 
describe and predict. 

The utility of this thesis lies in its application at 
both local and higher organizational levels for funding and 
management decisions. The quantification of the SASSY 
relationships is especially useful when auditing SASSY 
operations as deviations from historical patterns are 
immediately evident. The ability to predict future values 
with equations making use of time-lagged data gives the 
using manager a greater flexibility in his operations, and 
will tend to bring the higher and lower organizational 
levels of management into a more common understanding of the 
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problems faced by the SASSY Management Unit, thus providing 
greater structure to the decision making process. 
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I NTRODU CTIOM 



A. GENERAL 

The Supported Activit 7 Supply System (SASSY) is the 
general supply system providing supply support to the 
operating forces of the United states Marine Corps. It is 
an automated system which interfaces with the Marine 
Integrated Maintenance Management System (MIMHS) and the 
Marine Air-Ground Financial Accounting and Reporting System 
(MAGFARS) . The three systems are so interconnected that the 
opening up of an Equipment Repair Order in MIMMS showing a 
need for a repair part will automatically put that part on 
order in SASSY and then report the financial obligation of 
Requisition Authority (RA) monies in MAGFARS. SASSY is a 
major system which can readily be seen in that the aviation, 
ground, combat, combat support and combat service support 
communities within the Marine Corps draw upon SASSY for 
their non-aviation logistics support. 

Central to the control and management of SASSY 
operations is the SASSY Management Unit (SMU) located within 
each of the four Force Service Support Groups and the 1st 
Marine Brigade in Hawaii. It is here in the SMU's that the 
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decisions are made which impact on the depth and breadth of 
supply support provided to the Fleet Marine Forces (FMF's) , 
Since its introduction, SASSY has evolved over the years 
into a tremendously complicated system. Because of this 
complexity, the greatest hope in understanding SASSY and in 
describing the relationships and correlations within the 
system, taking into account the various time lags and 
changes over time, comes from an examinaton of the budget 
process in the Marine Corps with an emphasis on the 
SASSY/HIMMS/MAGFARS interfaces supported by a statistical 
description of the operation of one of the SMO’s, It is 
believed that the Of f icec-in-Charge (OIC) of an SMO would be 
better prepared to make the daily management decisions which 
directly affect the quality of support provided to the 
operating forces, if he were aware of the system 
relationships. 

B. SOPPORTED ACTIVITY SOPPLY SYSTEM (SASSY) 

The Supported Activity Supply System (SASSY) is a 
centralized Marine Corps-wide logistics system which serves 
to provide support to the operating units of the Fleet 
Marine Forces (FMF) . Typically, one SASSY Management Unit 
(SMO) supports one Marine Amphibious Force (MAP) composed 
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typically of one Marine Division, one Marine Air wing, and 
one Force Service Support Group. There are three active 
Marine Divisions, three active Marine Air wings, three 
active Force Service Support Groups, and in the Reserve 
establishment there is one Marine Division, one Marine Air 
Wing and one Force Service Support Group, Atypically, there 
is a a fifth SASSY Management Unit supporting the 1st Marine 
Amphibious Brigade located in Hawaii. 

Geography plays an important part in determining which 
' SASSY Management Unit supports which forces; 

1. Pacific Forces, Fleet Marine Force, Pacific 

a. Western Pacific Forces, FMFPac — Supported by the 
SASSY Management Unit with 3rd Force Service Support Group, 
Okinawa, Japan. 

b. Eastern Pacific Forces, FMFPac — supported by the 
SASSY Management Onit with 1st Force Service Support Group 
located at Camp Pendleton, California, 

2, Atlantic Forces, FMFLant — Supported by the SASSY 
Management Onit with 2nd Force Service Support Group, Camp 
Lejeune, North Carolina. 
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3, 



1st Marine Brigade-- The 1st Marine Brigade, located 



in Hawaii, has its own smaller SASSI Management Onit because 
of its location apart from other Marine forces and logistics 
centers. 

4, Marine Reserve Forces — Marine Reserve Forces 
located throughout the United states are supported by the 
SASSY Management Onit located with elements of the 4th Force 
Service Support Group. 

SASSY draws its supplies and various stock from the 
various Department of Defense "item managers" and the two 
Marine Corps Logistics Support Bases at Barstow, California 
and Albany, Georgia. There are basically two ways in which 
the SASSY Management Units receive materials and supplies 
for future issue to their customers: 

Material is "pushed" to it, purchased at the 
Headquarters, Marine Corps, level, for the Appropriated 
Stores Account (ASA) . These materials are free of charge to 
the General Account of the SASSY Management Unit and will be 
issued, in turn, free of charge to the SASSY Management 
Unit’s customers. Such items cannot be bought by the 
customer as they are controlled and reportable as Table of 
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Equipment (T/E) items managed at the Headquarters, Marine 
Corps, level. They tend to be the larger end items or 
separately managed combat essential items such as rolling 
stock, tanks, radio and other communications equipments, 
artillery pieces, etc. SASSY deals mainly in those items 
which are consumables, repair parts and organic supply 
items. It would be possible, for instance, to requisition a 
screw for a truck engine, or the entire engine, as both are 
items purchasable with Requisition Authority (RA) dollars 
through the SASSY Management Dnit. Requisition Authority 
funding will be discussed later in greater detail. 

Material is "pulled” to the General Account by means of 
the SASSY Management Onit passing on customer requisitions 
or by the SASSY Management Onit making stock purchases from 
the two Marine Corps Logistics Support Bases or item 
managers. 

C. SUPPLY POLICY IN THE MARINE CORPS 

SASSY is a Class I, Headquarters, Marine Corps, managed 
system. ‘ Field activities, such as the SASSY Management 



i class J computer software programs may not be altered in 
any fashion by other than the program sponsor under approval 
from Headquarters, Marine Corps, Lesser class systems 
software, depending upon the classification, may be modified 
to meet local needs. 
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Units are strictly enjoined from making any changes to the 
SASSY software and procedures. As SASSY interfaces directly 
with MIMMS and MAGPARS, a local well-intentioned change 
could have disasterous and far-reaching results, not only in 
other portions of SASSY but also in the other two interfaced 
systems. 

SASSY is standardized for all Fleet Marine Force units 
in all places and is automated to the extent that much of 
the manual bookkeeping and interface between SASSY and MIMMS 
and MAGFARS is automatic and accomplished through a system 
of grandfather-father-son master tapes maintained current 
through a routine series of updates. It is routine, 
therefore, to enter data only once into either SASSY or 
MIMMS and have it ’’hit'* in all three systems. SASSY is 
responsive to the needs of the customer in that the 
Headquarters, Marine Corps, goal is 75 % for meeting demands 
for Requisition Objective (RO) items off the shelf out of 
locally held stock. '‘Mount-out’' supply packages, drawn for 
and sent with deploying units in case of future need, are 
drawn from the SASST Management Unit's General Account even 
though such a large drawing has significant impact on the 
shelf stock remaining and available for issue to the other 
non-deployed customers. Funding for supply support is from 
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two “fenced” and separate classifications of monies. 
Requisition Authority (RA) dollars, and Planning Estimate or 
Operating Budget (PE/OPBOD) dollars. 

D. BODGETING AS IT AFFECTS SASSY 
1 . G enera l 

In order to understand the budget constraints on the 
SASSY Management Unit and its customers, one needs a working 
knowledge of the budgetary process in the Marine Corps. 
Specifically important to SASSY is the way that budgeting is 
done in the Fleet Marine Forces (FMF's) all the way from the 
FMF Headquarters down to the individual customer cost 
centers. By way of introduction, the Marine Corps operates 
under two budgeting systems: Planning, Programming and 

Budgeting System (PPBS) introduced to the Department of 
Defense in 1963 under then Secretary of Defense McNamara; 
and Zero-Base Budgeting (ZBB) introduced to the Federal 
Government by President Carter on February 14, 1977. It is 
noted, however, that ZBB was begun in the Marine Corps 

before President Carter was even elected. The basic 
guidelines to be followed are contained in Office of 
Management and the Budget (0MB) Bulletin No. 7709, Zero-Base 
Budgeting. Regardless of the budgeting approach currently 
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in vogue, one basic tenet of the financial management 
philosophy in the Marine Corps which stands the test of time 
is that "financial management is inherent in command. "2 
Commanders' prerogatives are closely linked to their 
financial plans. In a "bottom up" process, they develop 
their schedules of operations and budgets in accordance with 
budget guidance provided to them by a succession of higher 
headquarters. Thus, Marina commanders have a large input to 
their budgets and ultimately are required to live within 
those same budgets. Each successively higher commander, 

recognizing the fixed dollar limitations and categories 
within the scope of the language of legislative 

appropriations and Sections 3678 and 3679, Revised Statutes, 
U. S. Code, plans for tight financial controls to be levied 
on his subordinate commanders. ^ "Essential to effective 
budgeting is the principle that the lines of budget 
submission and approval must follow the lines of 

organizational responsibility, both within the organization 
and in the external chain of command. "♦ 



2 Department of the Navy, Headquarters United States Marine 

Corps. Fina nc ial Guideb oo k f or Commanders N?^7[1C 26^, 30 

June 19757 pTT " ” “ " “ 

3 Naval Postgraduate School, Practi cal 

Comptr o ller s hip. Second Edition, p.203 

♦ Ibid., p.203 
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• Marine Corps Appr op riatio ns 

Strictly speaking, there are only three direct 
Marine Corps appropriations that affect the Marine Corps 
SASSr Management Units: s 

•Military Personnel, Marine Corps (MP,MC) 

•Procurement, Marine Corps (P,MC) 

•Operations and Maintenance, Marine corps (OSM,MC) 

Mote that only OSM,MC funds impact on the SASSY Management 
Unit and its General Account. Whereas budgeting is "bottom 
up", appropriations and authorizations are "top down". The 
congress authorizes and then appropriates funds, the office 
of Management and the Budget (0MB) apportions those funds 
and eventually the Commandant of the Marine Corps receives 
funds which he may then pass to his Fleet Marine Force 
commanders. Commanding Generals FMFPac and FMFLant. The 
funds are passed in the form of Operating Budgets (OPBUDS) . 
Note that FMFPac and FMFLant cannot delegate their Section 
3678 and 3679, Revised Statutes, U. S. Code, 



s The Congress appropriates in a total of ten categories of 
funds for the military departments. Because of the United 
States Marine Corps being a part of the Department of the 
Navy, and the Navy being responsible for the funding of 
various services for the Marine Corps such as Medical, 
Dental and aviation assets, the legislative language of the 
appropriations bills for Operations and Maintenance, Navy 
(06M,N) and Other Procurement, Navy (0P,N) includes 
specifying that some of the funds are to be used to support 
the Marine corps. 
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responsibilities to not o^er-obligate or spend appropriated 
funds for purposes other than specified in the 
appropriations bills.* The two OPBOD Holders, in turn, 
delegate authority to obligate DPBUD funds to their 
subordinate commanders by means of a Planning Estimate (PE) . 
Planning Estimate Holders further pass funds to their Cost 
Centers. In the Fleet Marine Force this generally means 
that Battalion sized ground units and Aircraft Group sized 
aviation units are designated cost centers. 

3* FM F Bu d geti ng 

In the Fleet Marine Force, zero base budgeting 
begins at the cost center level for all Operations and 
Maintenance, Marine Corps, funds. It is at this level that 
the future demands on SASSI are first estimated. A budget 
is prepared by each cost center and forwarded to the 
Planning Estimate Holder who, in turn, aggregates the 
budgets of his Cost Centers and forwards the total command’s 
budget to the OPBDD Holder. This way, the grand aggregate 
is for the Marine Corps^ as a whole. 



* Sections 3678 and 3679, Revised Statutes. 0. S. Code, are 
amendments to the Anti-Deficiency Act of 1906. Section 3678 
refers to the intent of Congress and prohibits the 
expenditure of funds for purposes other than for which those 
funds were appropriated. Section 3679 refers to the legal 
requirements and constraints against over-obligating 
appropriated funds. 
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4. 



M AGFAR S 



Even with zero base budgeting, there is a 
requirement for historical cost data from which to project 
future costs. MAGFARS is the automated financial accounting 
system which accumulates, records and reports those 
historical costs. Remember, earlier in this Chapter, 
MAGFARS was one of the automated systems interfacing 
directly with SASSY and MIMMS. MAGFARS aids financial 
control through financial accounting and reporting to the 
various PMF commanders by providing them with accounting 
reports which detail the obligation and expenditure of their 
OSM,MC funds. 

5. R equisiti on jy utho ri tv Versus Op ei^ atina Budget 
Dollars 

The FMF commander's budget is composed of both 
Requisition Authority (RA) dollars and Operating 
Budget/Planning Estimate (OPBOD/PE) dollars. In financial 
management and supply parlance, the OPBOD/PE dollars are 
"hard” dollars whereas the RA dollars are "soft" dollars 
which may only be spent at the local SASSY Management Unit 
supporting that command. 
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The OPBOD/PE dollars may be spent outside of the Marine 
Corps Supply System, i.e., outside of SASSY and the Direct 
Stock Support Centers.^ 

There is a one to one mapping ratio between every 
RA dollar passed to an FMF commander and the equivalent 
OPBUD dollar provided to the local SASSY Management unit to 
support the future buys from that commander. The Officer- 
in-Charge (QIC) of the SASSY Management unit is responsible 
for purchasing items from his sources of supply so to 
maintain stock levels on hand in anticipation of 
requisitions from customers who have matching RA dollars for 
his OPBUD dollars. In order to maximize the potential for 
achieving economies for scale, and to maintain control over 
the classes of items purchased by commanders, it is a 
routine control measure to issue the vast majority of funds 
to commanders with RA "fences" around them, thus ensuring 
that if spent, the funds can only be spent at the SASSY 
Management Units for standardized, approved supplies and 
equipments. Typically, a commander may receive, at the 
most, only 25 per cent of his total budget in OPBUD/PE 
dollars; the vast majority of his funding, therefore, is RA 

7 . The OPBUD/PE "hard" money is directly transf errable to 
civilian vendors by the issuance of government checks. 
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creates a tremendous captive audience for the SASSY 
Management Unit because the customers lack the appropriate 
funding to procure their supplies and equipments elsewhere. 
The small portion of the budget designated as OPBUD/PE 
dollars are normally spent in the procurement of certain 
classes of supplies such as petroleum and '•self-service” 
type items carried at the local Direct Support Stock Control 
(DSSC) centers. If these "self-service” centers cannot 
support the commander's requirements and he has the funds, 
he then has the option of going "open purchase" to a 
civilian vendor for what he needs. It benefits the 

commander to be able to obtain the items he needs through 
the SASSY Management Unit because he pays a considerably 
lower price than if he were to go outside the Marine Corps 
Supply System. Going through SASSY also simplifies the 
commander's record keeping. 

E. OBJECTIVES AND SCOPE 
1 . Obj ectives 

The objectives of this thesis are to examine, 
correlate and quantify, where possible, the system 
relationships in SASSY in such a way as to develop a 
decision support system (DSS) for use by the Dfficers-in- 
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Charge (QIC's) of the SASST Management Units that are 

supporting the operating forces of the Marine Corps. 

Because SASST data will be sampled for statistical analysis, 
field data will be allowed to speak for themselves. The 
objectives lie in virgin territory because the exact 

relationships of variables in SASSY, as practiced by the 
SASSY Management Units, are generally unknown, though there 
are a considerable number of rules of thumb which are used 
daily by the practitioners. Inherent in a good decision 
support system (DSS) is the ability to predict future 

events, volume of business, inventory and financial 
positions, etc., to a degree of accuracy which makes the 
predictions of use to the manager. 

2. S.cope 

The scope of this thesis, because of the enormity of 
the SASSY system, is limited to the SASSY Management Unit of 
the 1st Force Service support Sroup at Camp Pendleton, 
California. The raw data sampled will be those pertaining 
to the Camp Pendleton SASSY Management Unit's operations 
during Fiscal Years 79 and 81. These data will be used in 
the attempt to predict the first months of FY81. 
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F. aETHODOLOGy 

The complexity of the SASSY system as it applies to the 
Camp Pendleton SASSY Banagement Unit dictates a rigorous 
research methodology if the conclusions drawn as a result of 
the thesis effort are to be believable. The conduct of the 
research will follow the basic pattern outlined below: 

1 • P reliminary Revie w of Marine. Corps Lit erature 

Preliminary review of "in-house" Marine Corps 
literature concerning SASSY Management Unit problems and 
operations will be conducted to determine if there are 
problems resulting from SASSY Management Unit Officers-in- 
Charge not knowing the SASSY system relationships as they 
apply to their SASSY Management Unit under field conditions. 

2* Def inition of the P rob l em 

Definition of the problem will include setting 
boundaries and limits. The research problem will be further 
refined into specific research questions. 

2 • Devel opme nt of a Hy pothesis 

The initial hypothesis will be that there are in 
fact quantifiable relationships between various important 
SASSY variables as viewed from the SASSY Management Unit 
QIC’s position. 
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At this point, the hypothesis is not yet supported by 
empirical data, but will serve as a guide to 

a. Search for data which must be collected in order 
to answer the research questions. 

b. Indicate an effective and efficient way in which 
the data can be collected and organized so as to be 
tractable in future analysis. 

c. Provide a basis for selection of analytical 

techniques and methods which might be employed against the 
data to test the research questions and the hypothesis. 
Whether or not the nature of the anticipated system 
relationships can be stated in quantifiable terms is not 
determinable at the outset of the research. In either case, 
it will be of benefit to the OIC of the SASSY Management 
Unit to know whether he is working with quantifiable 
relationships. It is possible that the outcome of this 
thesis will be the development of a more advanced 
hypothesis, having eliminated the current one from 

consideration. The guiding principle throughout is that the 
formulation and verification of the hypothesis is a major 
goal of scientific inquiry. 
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• Resear ch Subtasks 

The research task will be reduced to a manageable 
size and then further divided into subtasks so that the 
effort will remain within the scope of this thesis. 

5. Definit ion of Con ce pts 

It is anticipated that many of the concepts will be 
working definitions of systems relationships which are to be 
proved. Throughout this thesis, there will be a concern for 
the ability to generalize the findings to the overall 
hypothesis. 

6 • Re s earch De sign 

Research design, "the arrangement of conditions for 
collection and analysis of data in a manner that aims to 
combine relevance to the research purpose with ecomomy in 
procedures'*, is considered extremely important in keeping 
this thesis within the resources available to the thesis 
writer . ® 

a. Formulative/ex ploratory studies are anticipated 
in the search for variables with predictive power with 
respect to other variables. Such studies have the purpose 
of helping to reformulate the problem statement for more 

® Sellitz, C. , and others. Research Methods i n Soc ial 
Relations, Holt, Rinehart and WinsfonT T95'5, p.5QT~ 
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precise investigation, with a spin-off benefit of increasing 
the thesis writer *s familiarity with the system he wishes to 
investigate. This exploratory step is the foundation of the 
research process for it sets the direction for subsequent 
worJc within the scope of the thesis. "In practice, the most 
difficult portion of an inquiry is its initiation."’’ There 
remains a difficulty in knowing what questions to ask, which 
variables to evaluate for predictive power, causality and 
correlation; exploratory studies will serve to narrow the 
field of potential questions. 

b. Review of the literature, though one of the 
simplest and most economical methods of starting an inquiry, 
is not expected to be fruitful in illuminating SASSY 
relationships because so little has been written which is 
more than memorandums, point papers and messages concerning 
day-to-day operation problems. These materials will be 
reviewed with a special sensitivity to the hypothesis and 
research questions which may be derived from them. In the 
case of selecting analytical techniques and research 
approaches, the literature is especially ripe with quality 
works. The major areas of review will be in financial 



9 Ibid., p.52 
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control systems. 



decision support systems and statistical 



techniques . 

c. No particular effort will be made on a 
bibliographical survey as it would undoubtedly be more time 
consuming than rewarding. It is anticipated that various 
bibliographies will be consulted during the search for 
appropriate techniques; however, there is no intent to 
conduct a formal bibliographical survey. 

The Sam ple 

The sample will be limited by what data have been 
retained by the S&SSY Management Unit, 1st Force Service 
Support Group at Camp Pendleton. Because of the general 

lack of long term historical data, it may be possible to 

obtain only monthly data for two or three years. Some of 
the data may be able to be reconstructed from files and 
other retained reports should it otherwise not be available. 
It is further anticipated that much of the data will be in 
summary form and that one of the problems will be in 
validating summary and tabulation efforts made by the SASSY 
Management Unit in recording and reporting the data. This 
sampling limitation is not considered restrictive as the 
SASSY system is dynamic and constantly evolving and 
relationships changing as new programs and equipments are 
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introduced; thus, the old data which is expected to be 
unavailable should not be considered as significant. It is 
important to note that the SASSY system went into a new 
"stratified buy" posture prior to FY 79; therefore, only 
that data from FY 79 onward would be expected to be of use 
in determining current rela tionships. 

8 • D ata Collec tion 

Design of the data collection effort is to obtain 
financial and supply/inventory data in as many categories 
(variables) as possible which appear to measure the level 
and tempo of logistics operations. Interviews with the QIC, 
SASSY Management Onit at Camp Pendleton, have indicated 
specific data believed to be of special importance. Part of 
the preliminary formulativa/exploratory studies effort will 
be attempting to determine the variables for analysis. It 
is anticipated that data collection and statistical analysis 
will be an iterative process and that once certain system 
relationships are determined, they will suggest other data 
for analysis. 



10 The stratified buy posture is a system of computer 
generated buy recommendations based upon usage data for each 
line item. The stratified buy posture resulted from a 
3eadguarters- Marine Corps, directed purchasing algorithm 
which generated greater buys in the lower-priced stocK in an 
effort to reduce the cost of carrying inventory. 
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9 . Statis tic al Analy sis 

Statistical analyses of various sorts have 
tremendous appeal because of the complexity of the SASSY 
system and the volume of business done by the SASSY 
Management Unit. The technique, which at the outset seems 
to have the greatest potential, is the descriptive and 
predictive approach of regression analysis. It is 
anticipated that time series analysis will be required to 
handle the time lag questions in SASSY, but variables can be 
lagged using proprietary statistical software programs. 
Once a general description of the SASSY Management Unit has 
been developed, the emphasis will be shifted to determine 
reliable and useful predictors with application to general 

f 

SASSY Management Unit operations. The problems of 

measurement of performance will be addressed with an 

emphasis on fill rates and what one gets for the millions of 
dollars spent. The overall statistical approach is to 
follow "shot-gun” procedures and to let the data speak for 
themselves and to acknowledge where the results are 

inconclusive and not supported by data. 

The statistical analysis to be conducted is expected 
to describe system parameters and relationships of 

variables. Currently, there is no documented research in 



36 



r 



1 





this area of SASSY. 



This thesis is intended to provide the 



OIC, SASSY Management Unit with guidelines concerning what 
he should spend his money for, in what amounts, and what he 
should get for it in terms of fill rates. It is strongly 
believed that should the hypothesis proposed be validated, 
this thesis will be of significant use in planning and 
budgeting a mult i- million dollar supply account, and will 
show a methodology that would be directly applicable to the 
other SASSY Management Units in rhe Marina Corps Supply 
System. 

G. THESIS ORGANIZATION 

•Chapter I presented general objectives of the thesis 
and an overview of the environment in which the research 
is to take place. 

•Chapter II presents the detailed design of the research 
and data collection efforts outlined briefly in chapter 
I. Also covered in detail are the philosophies 
regarding the structure and format desired for the 
output of the research. 

•Chapter III presents the modelling efforts, 
philosophies and a preliminary look at the data upon 
which the models are based. 
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•Chapter 17 presents the detailed statistical analysis 
used in building the model. It is included as a chapter 
in order that those attempting to use the models may see 
how they were developed statistically. 

•Chapter 7 is dedicated to testing the various models 
developed in chapter 17. The data is put into the 
models and the predictions are compared against the 
actual values for those variables drawn from the first 
months of FY 81. 

•Chapter 71 presents recommendations for the use of the 
models developed in Chapter 17 and tested in Chapter 7. 

•Chapter 7II documents the '•technology transfer'* plan 
and the transfer efforts made during the research phase 
and refers to an appendix with "how to" instructions for 
using the programs written for the Texas Instrument 
TI-59 programmable calculator to aid the OIC, SASSY 
Management Unit in the use of the equations -derived 
statistically from the data. 

•Chapter 7III presents the conclusions drawn from the 
whole study and provides comments and recommendations 
concerning the general applicability of the findings 
concerning SASSY. 
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II. RESEARCH DESIGN 



A. REVIEW OF IN-HOOSE MARINE CORPS LITERATURE 

The review of memorandu ms, speedletters, point papers 
and other documents started with liaison visits to the 
principal players at 1st Force Service Support Group, Camp 
Pendleton, California, The first persons contacted were the 
Commanding Officer, 1st Force Service Support Group and his 
Chief of Staff. They made the appropriate arrangements for 
the Command's files and records to be made available to 
include supply and fiscal data as well as correspondence 
concerning the General Account of the SASSY Management Unit. 
The search for correspondence started with visits to 
officers of special importance on the General Staff; they 
were helpful but had little to provide that could not be 
provided in greater detail by the SASSY Management Unit. In 
fact, it was determined that the Of ficer-in-Charge of the 
SASSY Management Unit was their source of information. From 
that point on, the main points of contact were the officers 
at the SASSY Management Unit, To obtain a different 
perspective, that of the OPBUD Holder, personal interviews 
were conducted with FMFPac and FMFLant Comptrollers. Each 
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provided insight into the planning for SASSY Management Unit 
operations that takes place at the highest operational 
levels. It was here that the importance of being able to 
predict Requisition Objective (RO) Fill Rates became known. 
The RO Fill Rata is used in financial management planning 
and budgeting at the FMFLant and FMFPac level. At FHFPac, 
the budgeting process at the beginning of the year includes 
use of the FHFPac Resource Allocation Model (RAM) . During 
Mid-Year Budget Review and disposition of year end funding, 
the RO Fill Rate determines, in part, which SASSY Management 
Unit is to receive additional funding. 

B. RESEARCH METHODOLOGY 

Def j,n itio n of the P rob l em 

After conducting interviews and reading the in-house 
literature, it became clear that the lack of ability to 
predict SASSY variable values was indeed a major problem. » 2 
From the correspondence viewed, it was determined that there 
was a real problem with SASSY Management Unit overhead 
expenses not being budgeted for adequately by anyone, with 
the result that the RA = PE equation was being disturbed. 



Conversation with Col. Johnson, Comptroller, FHFPac, 1 
April 1981. 

^2 See Appendix A. 
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Corrective action was being taken to maintain the equation 
as an inequality by purposefully making RA greater than or 
less than PE, depending upon timing. » 3 Additionally, it 
seemed that increased year- end spending of RA funds resulted 
in a short fall PE position for the SASSY Management Unit. 
Had there been a known relationship between fill rates, 
backorders established/released, inventory investment 
levels, and other variables, it might have been possible to 
determine the amount of business that the various funding 
levels could support. This line of reasoning led directly 
to the formulation of the problem statement: 

To determine the relationships, from field data, that 
describe actual SASSY Management Unit operations and 
develop predictive models for the major variables based 
upon those relationships. 

The problem statement was then reduced to several research 
questions which guided the thesis effort. 

a. What is the relationship between Requisition 
Objective Fill Rate and Complete Fill Rate? 

b. What is the relationship of Requisition 
Objective Fill Rates and Complete Fill Rates to other 
quantifiable SASSY variables? 



13 See Appendix A. 
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c. what is the relationship between Total 
Demands and Requisition Objective Demands to Complete Fill 
Sate? 

2. Develo p ment of th e Hypothesis 

The research questions initially developed were by 
design supportive of the thesis hypothesis that quantifiable 
constant relationships exist between SASSY variables. It 
was yet unknown whether any meaningful relationships might 
exist that were of a sufficiently high confidence level to 
be useful for predictive purposes. it was yet unknown 
whether there would be small enough standard errors of the 
estimate (SEE) to make the predictions worth-while. There 
was a trade-off which had to be made between being very 
confident about very little and marginally confident about a 
great deal. The hypothesis was developed with Type I and 
Type II errors in mind.^^ To falsely reject the hypothesis 
that there are stable relationships between SASSY variables 
would be to continue SASSY Management Unit operations in the 
same manner as now. is a distinction is made between "failing 



Type I errors in hypothesis testing are those that result 
from rejecting a true hypothesis, whereas Type II errors 
result from failing to reject a false hypothesis. 

IS The documents contained in Appendix A indicate that the 
status quo is not completely satisfactory and has some cost 
in terms of less than possible supply support for the same 
price and same effort. 
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to reject" and "accepting" a hypothesis. Failing to reject 
the hypothesis if false could result in management decisions 
being made on the wrong basis. There is no way to determine 
the costs of the Type I and Type II errors, but it is 
intuitively appealing, however, to believe that the system 
is working reasonably well and that introduction of new 
management policy (Type II) might seriously and expensively 
disrupt the system before the problem was identified and 
corrected. 

3. S earch for Data 

The source of SASSY data was obvious — the SASSY 
Management Unit at Camp Pendleton. The question became very 
quickly "what data?" and "how far back in time?". The "what 
data?" question was answered by past events in that only 
certain historical data were available as many of the non- 
summarized data had been replaced in the files by current 
data. For preliminary work, data was accumulated in the 
following categories for years FY 1977-1979: 

•Percent complete Fill Rate 

•Percent Requisition Objective Fill Rate 

•Number of National stock Numbers (NSN’s) On Hand 

•Dollar Value of National Stock Numbers (NSN's) On Hand 

•Number of Requisition Objective (RO) NSN*s On Hand 
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•Dollar Value of RO NSN’s On Hand 



•Percent Availability of RO NSN's On Hand 
•Dollar Value of NSN*s with Dues 
•Total Demands 

•Percent Demands for RO Items 

These categories of data were selected after discussions 
with the OIC, SASSY Management Unit, wherein it was 
determined which data ware, in fact, available for 
collection and could be verified by normal audit procedures. 
4. Res earch Ta sk 

The research task, developed from the problem 
statement, was a significant beginning step in the actual 
research phase of this thesis. specifically, the broad 
general terms of the problem statement left the thesis 
writer with nowhere in particular to start. The narrowness 
of the research task statement and the research sub-tasks 
statements provided a good "jumping-off" point and allowed 
the use of computer-based analytical techniques. The 
research task statement; Determine the relationships of the 
categories of data collected at the SASSY Management Unit to 
the variables of primary concern. The research sub-task 
statements further defined the effort in terms of types of 
primary variables. Note the two separate classifications: 
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a. 



Determioe the relationships of measurements 



of overall SASSY Management Unit performance. Complete Fill 
Rate and Requisition Objective Fill Rate, to the other 
categories of variables collected, 

b. Determine the relationships of the 
measurements of SASSY Management Unit volume of business. 
Total Demands and Requisition Objective Demands, to the 
other categories of variables collected. 

5. Res earch Des ign 

The research design followed directly from the 
research tasks and sub-tasks. A review of the modeling 
literature, operations research literature and inventory 
management literature suggested that multiple linear 
regressions and correlation analysis had great potential for 
ferreting out the unknown relationships between SASSY 
variables. The correlations would indicate whether the 
variables being obtained at the SASSY Management Unit had 
much potential for inclusion in regression equations. The 
multiple linear regression approach had the advantage of 
"letting the data speak for themselves." If a relationship 
could not be shown by the regression equation's F or t-tests 
at any acceptable confidence level, then the hypothesis 
would just not be supportable by the data, a fact which 
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would be of very definite interest to the OIC, 



SASSY 



Management Unit. 

The research design is such that it prevents 
unnecessary data collection, which is not only time- 

consuming and unrewarding, but expensive. It was intended 
to get only one year's monthly data with which to show 
relationships and to use a second year's monthly data to 
validate the regression equations developed. The first run 
of correlations and regressions produced equations for 
Complete Fill Rate and Requisition Objective Fill Rate with 
low Coefficients of Determination (COD) and high standard 
errors of the estimate (SEE) . A number of data 

transformations were attempted with minimal increase in the 
coefficients of determination. Tried were "Power Curve", 
"Logarithmic Curve", "Exponential Curve" and "Variance 
Stabilizing" transformations. ^ * 

It appeared that little would come of this approach with the 
data and the variables available. The options remaining: 

The data transformations used were of the more common 
variety : 

m 

1. Power Curve Y = bx 

2. Logarithmic Curve Y = b + minx 

mx 

3. Exponential Curve Y = be 

4. Variance Stabilizing Y* = Y/X, X' = 1/X 



46 



•To use several year's worth of monthly data with the 
same variables as orignially selected. •To seek other 
variables of higher predictive and correlative power. 
•To attempt another analytical technique. 

The first option seemed the most expedient as the 
several year's worth of data for the variables selected were 
obtainable from the SASST Management Unit. In the data 
collection effort, the data were checked for accuracy. 
There was no doubt that the data were compiled from the 
actual operations of the SASSY Management Unit. Daily 
operations had been correctly talleyed into weekly and 
monthly summaries, and those values which appeared suspect 
were checked individually to determine if they were 
typographical errors or some other form of 
misrepresentation. Not once was the monthly summary data 
provided by the SASSY Management Unit found to be in error. 
Thus was it possible to dismiss the often troublesome 
question of instrumentation bias. The data collected are 
correct and accurately represent SASSY Management Unit 
operations during the period covered. The second option 
seemed viable, especially if it could be combined with the 
first. There were significant variables missing from the 
equations but there was no indication of what was missing. 
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After several meetings with the OIC of the SASSY Management 
Unit, it was decided to use the following variable list, but 
with the understanding that only FY 1979 and FY 1980 data 
would be available for all the variables of interest. 

C. DEFINITIONS OF THE VARIABLES 

The following is the final primary variable list with a 
short explanation of the meaning of each variable and what 
it measures: 

VI: Pe rcent Complete Fi ll R ate — The percentage of all 

customer requisitions which were filled from shelf stock 
during the period covered. 

V2 : Percent Requisitio n Objective (RO) Fill Rate — The 

percentage of all requests for RO items which were filled 
from shelf stock during the period. RO items are those 
authorized for stockage and expected to be in stock as 
determined by usage over the past twelve months. Criteria 
for stockage are variable based upon unit price and usage. 
The RO List is updated monthly by computer process to 
determine NSN*s which should either be added to or dropped 
from the list. The difference between Complete Fill Rate 



See Appendix A for stratified buy algorithm contained in 
1st FSSG point paper of 4 April 1979. 
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and the HO Fill Rate is that the Complete Fill Rate covers 
both those items which have been named to the RO List and 
those without requisition objectives. The usage of an item, 
in addition to determining where that NSN is on the RO List, 
also determines the number of items, or quantity, within an 
NSN (line item) which are authorized for stockage on hand. 
Note that the actual quantity of inventory on hand in a 
given NSN may be less than, equal to, or greater than the RO 
authorized stock level, depending upon and funding and 
stockage decisions. Generally, RO is the inventory goal or 
objective as determined by usage and the customers' 
indications of recurring need. In other words, it is that 
amount of stock in a given NSN which would be on hand if the 
stockage level exactly met the requirements as determined by 
usage. 

V3: Numbe r o f Na-t^ion al ?^ ock Numbers (NgN ' s ) _0n_Hand — This 
is the number of different NSN's on hand and is often called 
number of line items. This is indicative of the range of 
stock, not the depth of stock, and is measured at the end of 
the month. 
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74: Dollar Va lue o f NSN*s On Hand — This is the dollar value 

of the inventory position and is measured at the end of the 
month. The dollar value is measured in millions of dollars. 

75: Numb er of HSH’s wit h an RO — This is the number of line 

items which have been placed on the RO List as a result of 
past usage and the customers' indications that these items 
are of recurring demand. 

76: D ollar V alue o^^Ni^wiih_an_RO — This is the dollar 

cost in millions of dollars to stock RO items to their 
stockage objectives. 

77: Nu mb e r of RO NSN' s O n Hand — The number of RO NSN's that 

have an on hand balance as of the end of the month. This 
means that there is at least one each of an item on hand in 
a given RO NSN for it to be counted, and not necessarily the 
entire RO quantity. 

78: Dollar Value of_RO_NSNl§_On_Hand — This is the dollar 

value in millions of dollars of the RO line item inventory 
taken at the end of the month. 

79: Percent A vailabilit y of RO NSNjs_O n Hand — This is the 

percentage of all the stocked RO items which can be issued 
upon customer request. It is common and an on-going process 
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to pull •'mount-out blocks" of supplies to be set aside for 
deploying units. With the number of deployments from Camp 
Pendleton, about twenty percent of the RO NSN's are not 
available for issue to customers at any given time. 

710; R ec e ipts from Due — The number of items that were 

previously ordered by the SMD to replenish inventory or to 
directly satisfy customer demand, and which were received 
from the source of supply during the month. 

711: N umber o f NSN's with Dues — This is the number of line 
items which have been ordered but which have not yet been 
received by the SASSY Management Unit's General Account. 

712: Dollar; 7 al u e NSN * s with D ues — The value in 

thousands of dollars of outstanding orders to sources of 
supply placed by the SASSY Management Unit, i.e., the cost 
of stock on order as viewed at the end of the month. 

713: N urn be£ of wi th Excess Dues Ove r R equ isition 

Pl us Econo mic Retenti on ,2^.^.^'titv — Excess dues are the number 
of line items (previously ordered by the SASSY Management 
Unit) that contain stock greater than the Requisition 
Objectives for those line items and stock for non-RO items 
(by definition, excess) . Economic Retention Quantity (ERQ) 
is an authorized over RO stockage level for RO items with an 
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on hand quantity greater than the requisition objective but 
equal to or less than a three year supply based upon usage. 
It is the amount of stock over the authorized level up to a 
three year supply level. 

VI 4 ; D ollar Value of NSN’s with Ex cel s Du es O ver RO + 

ERQ — This is value in thousands of dollars of the stock on 
order in excess of the ERQ amount. 

V15; Total D ema nds — This is the total number of 

requisitions placed with the SASSY Management Unit, and is a 
measure of the volume of business being done. It has two 
components, RO Demands and Non-RO Demands. 

VI 6: Number o f Demands for RO Items — This is the volume of 
business done in RO requisitions. Line items ordered by 
customers during the month are counted if they are on the RO 
List. 

VI 7: Percent D emands f or RO Items — This is the ratio in 

percent of V15 and V16. ”In theory, it is desirable to have 
as close to 100% of the demands against RO as can be 
attained.” ' ® 



1st Force Service Support Group, Working Paper — G ene ral 
A ccoun t In vent ory . ~ 
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V18: 



N amber of Back ord er s — The number of line items that 

are to be filled from dues. Each requisition against a not 
in stock item results in the creation of a backorder. 

V 1 9 : N um b er o f NSN*s wi th an RO Req uirement ,But Not On 

O rder — That which needs to be ordered to keep stockage 
levels up to RO, but which have not been ordered for one 
reason or another. The usual reason is a lack of PE funds 
to obligate. Contrast this with backorders; backorders 
result from customer demands which could not be filled from 
shelf stock, ^whereas 719 is a SASSY Management Unit 

generated need. 

720 : Doll ai; 7a lue of N SN*s with an RO R equirement bu t — 

No t o q . Ord er — This is the amount in thousands of dollars to 
bring the stockage levels up to their proper RO status. It 
does not include dues. 

721: Num bei ; o f NSN’ g Qn Band Oyer RO ERQ — These are the 

true excesses of the system. These are the line items that 

are stocked past their RO and three year's supply (ERQ). 

722: Dollar 7 alue o f , Ng N» s O n Hand Over RO *• ERQ — This is 

the cost of the true excesses described in 721, and is 
reported in millions of dollars. 
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723: N umb er of NSN*s wit h 30 Day Usage--The number of NSN's 

for which the 12 month's usage is greater than zero.i^ 

724: Dollar 7alue of NSN* s with 30 Day Usacje--This is the 

extended value in millions of dollars of 30 day usage 
multiplied by the price for each counted NSN. 

725: War ehous e Issue Co nf irm s — The amount of business that 

the General Account warehouses do in the month. It 
represents the number of requisitions issued through the 
warehouses. 

726: E^e ^;ceT\t Tota l NSN's On Han(^ .Which Have an 50 — This is 

the percentage of stock carried at the end of the month 
which has a requisition objective. 

727 : Percent; 2^1he l|qta l .7alue of NS N's On H and Wh ich 

Have ^_R0 — This represents the percentage of the total 

inventory which is dedicated to EO line items, 

728: Regular and Hot It em Ba ckorders Rele as ed--728 and 729 

will be treated jointly because they are closely related and 
separate definitions would be redundant. When regular 
backorder (BO) is established against low priority customer 



Decimals are not carried in this SASSY computation; 
therefore, less than .5 is treated as zero. SASSY defines 
30 day usage as 12 months usaqe/12, thus only those NSN's 
which have had 6 or more "hits" are counted. 
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demands (Issue Priority Group 3) for normally stock items 
(RO) temporarilly out of stock (NIS) . This established an 
General Account obligation to the customer against incoming 
stock. Regular backorders are included in stock 
requirements when stock buys are computed . 20 x high priority 
customer demand (IPG I and IPG II) for normally stocked (RO) 
items temporarily out of stock (NIS) is “passed" to the 
source of supply (DoD Integrated Material Manager, IMM) as 
an A3A transaction with SASSY Management Unit OPBUD/PE 
funding . 21 Note that this is a case of the SMD's General 
Account directly funding a specific customer requirement as 
opposed to a general stock buy with AOA dollars. This 
obligation of SMO OPBUD/PE monies is driven by customer 
requirements and is not within the management discretion of 
the Of f icer-in-Charge of the SMU. If the “passed" RO item 
was IPG I or IPG II NORS, then a hot item backorder is 
established by the General Account . 22 Hot item backorders 
are released to customers to take advantage of order ship 
lead time on previously established stock dues. The hot 

20 Buy requirement = RO + BO - On Hand - Dues. Note that 
this equation is in the form Buy Requirement = Requisition 
Objectives - Assets. 

21 See 730 and 731 definitions for discussion of A3A and 
AOA. 

22 NORS; Not Operationally Ready, Supply. A maintenance 
category for inoperative combat essential eauipment as 
opposed to NORM; Not Operationally Ready, Maintenance. 



55 



I 







item backorder will be released to the customer if the stock 



due is received by the General Account prior to issue of the 
"passed" document by the Integrated Material Manager (IMM) . 
This establishes a General Account memorandum obligation to 
the customer against incoming stock, but is not included in 
the requirements when stock buys are computed. Release 
occurs when the stock becomes available and is issued to the 
customer and the specific backorder document number. 

V29: Regular and Hot Item Backorders Es tabl ished — See the 

discussion of V28 above. 

730: AOA D ollar Valu e--! his is the SASSY Management Onit 

funding of stock. It represents the monthly investment in 
new inventory to achieve RO positions. As an aside, the AOA 
name comes from the Document Identifier Code (DIC) used to 
transmit these funds. The AOA amount is presented in 
thousands of dollars. 

731: A3A Dollar Value— The A3 A Dollar Value, like the AOA 
Dollar Value, is the monthly total dollar value of customer 
documents passed to the IMM for action with OPBUD/PE 
funding. Whereas AOA monies are used for achieving desired 
stockage levels, A3A moneies are used for direct funding by 
the SASSY Management Unit of the customer requirements as in 
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backorders, etc. 



As with AOA, A3A is measured in thousands 



of dollars and is cumulative throughout the month. 

732: Mont h th e F isc al Ye ar — This is a "counting” 

variable to account for the differences in funding for the 
different quarters in the fiscal year, often it is feast in 
the first two quarters and famine in the third and fourth, 
sometimes, there are year-end monies available which can be 
provided to the SASSI Management Unit to improve its 

inventory position. 732 was included just to keep track of 
whether the phase obligation rate planned in the annual 
budgets and the mid-year review of those budgets had any 
effect on SASSI Management Onit operations. Note that 1 
corresponds to October and 12 corresponds to September. 

733: N umber o^ the P eri od — This is another counting 

variable which was included to show changes over time, and 
against which the other variables could be plotted. For 
example, one of the changes over time is the number of NSN's 
on hand. Sack year, the number of line items carried in 
stock has shown an increase. Other variables have increased 
or decreased, and 733 would be used to help predict those 

changes over time. Note that the number of the periods start 
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with 13 and go to 36 (13 corresponds to Oct 78 and 36 
corresponds to Sep 80) . 

D. SOMMASY 

These first exploratory studies provided insight to the 
operations of SASSY and the environment faced by the SASSY 
Management Unit at Camp Pendleton. As mentioned in the 
Methodology paragraph. Chapter I, there was little 
expectation that the first run of variables would produce 
the perfect regression equation. These first runs using the 
variables just listed provided background understanding to 
search for other and better predictor variables and provided 
a sound basis to go into the statistical analysis phase of 
the research. 
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III. DESIGNING_THS_MODELS 

A. INTRODUCTION 

1. Rev iew of t he Lit erature 

After a reveiw of statistical modelling literature, 
it became evident tbat because of the exceptional 

variability of the data, regression analysis and time series 
analysis techniques held the key to determining the systems 
relationships in SASSY as viewed from the perspective of the 
OIC of the Camp Pendelton SASSY Management Unit. The 
characteristics desired for the spending model during the 
model development phase often seemed contradictory. The 
difficulties in modelling "open" and “relatively closed" 
systems are legion. In some respects, the SASSY Management 
Unit functions as a relatively closed system "with all the 
attendant properties such as entropy. "23 

2. S ystem Re la tion ship Co nsiderations 

Viewed from a systems-thinking perspective, the 
SASSY Management Unit looks fairly simple until the impacts 
of external pressures and events beyond the control of the 

23 Klir , J. and Valach, M., Cybernetic Modelling, Iliffe 
Books, 1967. Entropy is the "I5ss“of“enef gy“an3 resources 
because of their consumption within a system without 
replacement. 
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OIC are analyzed. In a relatively closed system, the path 
over which the external environment act upon the system are 
accurately defined. Such is partially the case of the SASSY 
Management Unit; inputs flow along predetermined lines and 
the inputs themselves, supplies, equipments, and 0 & M, MC 
appropriated funds are very accurately defined and 
quantified. Other inputs such as managerial decisions by 
persons other than the OIC and which are made external to 
the system, are not so easily quantified, but they can be 
described. Thera is no limiting the range of conditions and 
events that effect the inputs to the SASSY Management Onit, 
for they range from Congressional Committee opinions to 
foreign affairs, to technological change, and even to the 
state of the economy and the mind of the nation. It is 
expected that the operation of a supply system which is 
externally funded (inputs) with more than $20 million each 
year reflects Presidential and Congressional and other 
political decisions. For these sorts of reasons, the 
funding levels at the SASSY Management Onit tend to vary 
considerably. Note especially the graph of 730 ($AOA) and 
731 ($A3A) against time in the graphs in Appendix B. There 
appears to be little constancy in funding decisions. The 
hypothesis, that there are constant systems relationships 
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among SASSY variables, depends upon a certain amount of 
dynamic equilibrium or hemeostasis. Walter Buckley, though 
writing principally of complex adaptive social science 
systems, described the relatively closed system thusly: 

’•Equilibria! systems are relatively closed and entropic. 

In going to equilibrium, they typically lose structure 
and have a minimum of free energy; they are affected 
only by external 'disturbances’ and have no internal or 

endogenous sources of change and since they are 

relatively closed, they have no feedback or other 
systematic self-regulating or adaptive capabilities. 

It is easy to see that the General Account would soon empty 
if the customer demands continued unabated after financial 
inputs are discontinued or blocked. The matching of inputs 
to outputs provides the management with a complex but 
structured task. In setting funding levels to achieve a 75% 
(Headquarters, Marine Corps directed) RO Fill Rate Goal, an 
external equilibrium is forced upon the system. But as in 
most complex, not completely closed systems, many of the 
external demands upon the system are conflicting. The set 
relationship that RA funding provided to customers generally 
closely equals the amount of OPBOD/PE funding provided to 
the SASSY Management Dnit and the setting of a funding goal 
to accomplish a 75% RO Fill Rate, takes away from the 



2^ Buckley, ff. , "society as a Complex Adaptive System", 
Modern, s y st em s g.esearch for the Behavioral Scientist, Aldine 
PublisTiing Co., T95H7 pT59(JC 
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internal structure of the SASSY Management Unit and allows 
it in effect to be controlled from the Headquarters, FMFPac 
and Headquarters, Marine Corps, levels. Remaining, 
nonetheless, in the SASSY Management Unit is "an 
interlocking complex of processes characterized by many 
reciprocal cause-effect pathways. "25 
3 . system D efi nition 

In attempting to view the SASSY Management Unit as 
an entity, it must be remembered that as with any other 
system, it is a collection of interconnecting systems. In 
essence, this is the first lesson of systems, that any 
definition of systems is recursive, i. e., an understanding 
of the object system as a whole depends upon an 
understanding of its parts, which in turn are themselves 
systems comprised of other systems. The point is to define 
the SASSY Management Unit, i. e., to establish finite limits 
and boundaries in order that the definition can be further 
reduced to a set of linear equations showing the principal 
relationships. The setting of limits proved to be 

troublesome— there was little indication of where to draw 
the line and to end the system. "There are always other 



25 Watt, K. E. F. . Systems Analysis in E col ogy, Academic 
Press, 1966), pp.1-5. ^ 
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external as well as internal relationships that can be added 
to portray a more complete picture of what is going on."^^ 
The definition of the SASST Management Unit was tied to the 
hypothesis and the obejectives of this thesis. It makes 
little sense if the definition leads to development of an 
unusable model. The need for an appropriate decision 
support system, or usable model, is being emphasized. A 
greatly simplified set of relationships of the SASSY 
Management Onit to its environment are depicted in Figure 1. 



DoD 




Sources 


Budget 




of 


Process 




Supply 



Bud 

Reg 





OPBOD OPBOD 






(3) (6) 





Ppii. 



Supplies 







SASSY 


RA 




FMFPac 


OPBUD 


Management 


“JuppIIes 


Customers 




__ 


Onit 


(9) - 





1 






Budget Submission 

( 1 ) 

FIGURE 1 ; Budget and Supply Relationships 



Reading the Figure 1. diagram in sequence of numbers shows 



that the process is iterative; 



26 Beckett. J. A., Management Dynamics: Th e Ne w Syn thes is . 

McGraw Hill, 1971, p7337 ^ 
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1. The customers of the SASSY Management Unit prepare 
their budgets for submission to Headquarters, FMFPac. 

2. FMFPac sends the aggregate forward where eventually 
it enters the Department of Defense Planning, 
Programming, Budgeting System (PPBS) . For the purpose 
of this thesis, it is sufficient to say that at some 
point in time, the Office of Management and the Budget 
<OMB) apportions some of the appropriated funds to 
Headquarters, Marine Corps. 

3. From Headquarters, Marine Corps, some appropriated 
funds are reallocated to Headquarters, FMFPac. Here the 
OPBUD/PS funds are matched with RA funds. 

4. The customers receive RA funds. 

5. The SASSY Management Dnit receives equivalent 
OPBOD/P2 funds, thus maintaining the general EA=PE 
relationship. 

6. The SASSY Management Dnit orders supplies and 
equipments from its sources with $AOA for stock 
replenishment and with $A3 a for direct funding of 
customer requisitions. 

7. The materials "received from dues" arrive from the 
suppliers and are available for issue to customers. 



64 



3. The customer requisitions materials using RA funds. 

9. The SASSY Management Unit issues the materials. 

Figure 1 looks deceptively simple. The quantification 
problem comes in when one realizes that the SASSY Management 
Unit may not have adequate funds remaining from its stockage 
actions to direct fund a customer requirement. When this 
occurs, a “backorder” is established. Only when OPBUD/PE 
funds become available is the backorder "released”. The lag 
time between ordering supplies (creating dues) and their 
receipt averages between sixty and ninety days for the Camp 
Pendleton SASSY Management Unit. A subtlety not immediately 
evident is the mix of budget years. The customers' budgets 
are submitted for the POM process which proceeds the 
authorization process and the year later follow on 

appropriations process. The funds received by the SASSY 
Management Unit are the result of customer budget actions 
two years earlier. A change in commitments can result in 
running out of funding. 27 Customer requistions continued 
nonetheless. Various reprogramming actions at the FMFPac, 
Headquarters, Marine Corps, Department of Defense and Office 
of Management and the Budget levels can result in 

27 Note . in Appendix B that during February 1981 only $27,000 
was available for restockage purposes ($A0A) instead of the , 
usual more than $850,000. 
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unanticipated funding shortfalls. In other systems, to 
avoid being subject to the vagaries of the political system 
and the federal budget process, a "stock fund" is created. 
Congress appropriates funds which are then used by the 
Marine Corps to create a "corpus" which is used to provision 
the stockfunded supply system which is thenceforth run as a 
business where customers are charged a surcharge plus the 
cost of the merchandise to cover overhead, losses and 

restocking. In this manner, the stockfund continues to 

function without requiring additional funding from Congress 
except in extraordinary cases when the stock fund levels 
have been drawn down because of unforeseen price increases, 
etc. This is not, however, the case with the SASSY 
Management Onit and its General Account; it has no corpus. 2 ® 
B. PRELIMINARY RE7IEW OF THE DATA 

1 . T he Dat a 

a. Variability 

Table 1 is a summary of the data for Fiscal 
Years 1979 and 1980 upon which the model is built. Notice 



28 Stockfunding of operating forces is currently being tried 
in the U. S. Navy for aircraft carriers, but otherwise is 
restricted to the specified shore establishments. 
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particularly the coefficients of variation; that the data 
are extremely volatile is best shown by the coefficient of 
variation of .8378 for 730--AOA Dollar Value. 29 For the QIC 
of the SASSY Management Unit to be able to make sense of 
data which vary so tremendously, he must have a very clear 
knowledge of what happens to the other variables when V30 
moves from extreme, to extreme. Further confusing the issue 
are variables such as V23 — Humber of HSN*s with 30 day 
usage, which vary little at all (Coefficient of variation 
.03441). Each of the primary variables, VI through V31, are 
graphed against time in Appendix B. without further 
analysis, it would appear to the OIC that many of the data 
are random while others seem to establish somewhat of a 
steady state. It is strongly recommended that the reader 
peruse the graphs as they dramatically illustrate why this 
thesis is in a virgin area — the variables do seem to move 
without pattern for the most part. 



29 Coefficient of variation = mean/standard deviation 
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Table 1 



PY 1979 


and 1980 Data 


, Summary 


Statistics 






Std. 


Soeff. of 






Mean 


Dev. 


V ariation 


Skewness 


Kurtosis 


58. 1428 


4.7028 


.0809 


.0877 


- 1.0815 


72.4904 


4.1157 


.0568 


. 2890 


-1.0679 


30129 .4102 


2667.7378 


.0889 


-.0608 


-1.0904 


6. 4667 


1.4441 


.2233 


. 1801 


-1.5713 


27673.3164 


2677.7378 


.0701 


.0231 


-1 . 1107 


5.8524 


1.0122 


,1730 


.4332 


-1.3002 


22219.0352 


1696.8357 


.0764 


-.9927 


.2779 


4. 8095 


1.1593 


.2410 


.4140 


-1.3536 


80.2856 


6. 6187 


.0824 


-.5403 


-1.1138 


5410. 8828 


2357.0376 


.4356 


.0622 


-.1729 


6675.4141 


2239.3613 


.3355 


-.391 1 


-1.1595 


3128.5706 


808.7935 


.2585 


. 1605 


-.8635 


572.4749 


168.2852 


.2940 


.5764 


-.8314 


128.9523 


67.4058 


.5227 


2.9575 


9.1613 


28114.4570 


4394. 2813 


.1563 


.3295 


.3295 


20696.3633 


4269.1953 


.2063 


. 8924 


.8924 


73.9047 


5.8387 


.0790 


.3203 


-.6343 


7383. 1250 


1224.4412 


.1658 


-.2909 


-.5477 


7830'.8095 


3458,3787 


.4416 


1 . 5300 


-1.2900 


1224. 2857 


541.7980 


,4425 


.0900 


-1.2200 


12599.3125 


3284.8394 


.2607 


. 1450 


-1.1383 


2. 2333 


. 9876 


.4422 


.3191 


-1.4577 


13971 . 8359 


480.9121 


.0344 


-.5438 


-.4120 


1.6429 


.6516 


.3966 


3.5726 


12.2819 


21690. 8438 


4629.9492 


.2135 


1.2579 


1.1473 


73.0947 


8. 1173 


.1098 


-.3929 


-.5396 


74.3809 


4, 3183 


.0581 


-.2658 


-1 .0604 


4091.6475 


1246.2593 


.3046 


. 5352 


-.9901 


6165,3125 


1701.2065 


.2759 


.9053 


-.3978 


922.7607 


773, 1135 


.8378 


1.0472 


-.1819 


785.9509 


400, 9336 


.5101 


1.0925 


.1898 


b. 


Skewness 










Not only was 


it enough 


that the 


data wer 



ound to be highly volatile with extreme coefficients of 
ariation, but they were also characterized by a tremendous 
ange of skewness. Skewness is a statistical property 
escribing a lack of symmetry about a measure of central 
endency and is measured by comparing the arithmetic mean of 
sample or population distribution with its median. If the 
istribution were symmetrical, the mean and the median would 
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be the same and the skewness would be zero. 



Appendix B and 



Table 1 show that some of the data are exceptionally skewed. 
Examples are 714 — $ Value of NSN*s with Excess Dues Over 
Requirement and Economic Reorder Quantity, 719, 724 — $ Value 
of NSN*s with 30 Day Osage. Yet other data are more easily 
described by the Normal Distribution: VI — Complete Fill 

Rate, 73 — Number of NSN’s on Hand, 75 — Number of NSN's with 
an RO, and 710 — Receipts from Due. It is a tribute to the 
self-compensating properties of the system that variables 
such as 71 and 710 have symmetrical distributions. One 
would normally expect that as the system is stressed with 
extreme variability in funding levels that the $A3A and $A0A 
purchases establishing dues would cause 710 to be skewed and 
extremely volatile, but as can be seen in Table 2 710 is 

relatively stable. 

Table 2 

710 Distribution Characteristics 
, Coeff . . of 

Mean Std. Dev. Variation Skewness Kurtosis 

5410 2357 .4356 .0622 -0.729 

After examining the distribution characteristics of 

variables such as 710, the choice of multiple linear 

regression seemed more appropriate as model-building 

analytical techniques. The cyclical up and down movement of 

the variables as shown in Appendix B graphs suggest time 
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series analysis combined with the multiple linear 
regression . 

c. Kurtosis 

As was the case with the coefficient of 
variation and the skewness, the data distributions further 
exhibited some fairly extreme values of kurtosis. Host of 
the distributions, as seen in Table 1, are "flatter" than 
the Normal Distribution. There was a tendency for variables 
which were the most skewed to also be the most kurtotic. 
The better examples of this pairing of characteristics are 
V14, V19, 720 and 724. 



2. S ummary 

The extreme variability of the data gives the 
Appendix B Graphs a "shot-gun" appearance. This apparent 
randomness is reduced in part by the high values of skewness 
and kurtosis which lead one to believe that the thesis 
hypothesis might hold after all. The skewness and kurtosis 
were indicative of trends and relationships that were 
operative among the variables. For this reason, the 

decision to proceed with multiple linear regression was 
confirmed. The preliminary regression work reported as 



30 Kurtosis is a measure of the concentration of values 
about. the mean of a probability distribution. The Normal 
Distribution has a kurtosis value of 3.0. 



70 



,1 








unsatisfactory in Chapter II, was the result of not having 
the correct variables to introduce to the regression 
equation., There was nothing inadequate in the technique. 
As will be shown later on in this Chapter, the use of 
"Variance Stabilizing" transformations because of the 
extreme variability of some of the data was not required 
when the proper variables were identified for inclusion in 
the regression equations. The use of "Logarithmic Curve" 
transformations to reduce skewness also was not required 
when the proper variables were selected. The same held true 
for the "Exponential Curve" transformations to reduce 

kurtosis. 

C. DEVELOPMENT OF THE MODEL 
1* In trod u ctio n 

In determining the type of model to be developed, it 
was useful to consider some of the characteristics of 
models: 



"What is a model? A model is a simplified 
representation of reality. Why use models? Models are 
used in analyzing events, activities and systems because 
they provide an attent ion- focuss ing and economizing 
mechanism for analysis and problem solving. A model is 
selective. It includes only those factors that are 
considered most relevant, from all possible factors that 
could be relevant for analysis and problem-solving 
regarding an issue. In addition to the factors, a model 
incorporates those relationships between factors which 
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parently (or presumably) influence or cause the output 
result which is the subject of the analysis. ” ^ i 

view of modelling is similar to the Keen and Morton 
oach to decision support systems (DSS) . Both tend to 
asize the need for effective decision-making. "There is 
n a conflict between efficiency and effectiveness, 
ctiveness requires adaptation and learning, at the risk 
redundancy and falsa starts. ... Efficiency involves a 
owing of focus and minimization of time, cost and/or 
rt required to carry out a given activity. The most 
tical aspect of the DSS approach is that it emphasizes 
model to be built aorund a given decision-making task, 
even while the technical issues may be exceedingly 
lex, as is the case with the SASSY Management Unit, the 
cipal thrust of DSS models is managerial. The model is 
expected to determine how the QIC should spend his ASA 
AOA funds, but to assist in that decision by identifying 
quantifying the system parameters and relationships so 
a more informed, more competent decision might be made. 



lien, J. B. - Zand, D. B., and Lewin, A. Y. , "The Use of 
Is for Analyzing the Budget Decision Making Process,", 
d Forc es Com ptr oller, Vol. 18 (2-4), U. S. Govt, 
ica^ion, 19777 p.177 

een, P. G. W. and Morton, H. S. S.. Decision Support 

ems; An Organizational Perspective7 “ Td2Tison= 

ey 7 1 9777^777 
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A major caution while developing the model was to make it 
transferable to the user at the SASSY Management Unit. The 
"technology transfer" question addressed in Chapter VI is 
not an idle one. As Keen and Morton write about esoteric 
models of great complexity: 

"The most prominent work in management science has 
obviously been the development of optimization models, 
especially linear programming and related techniques. 
While many of the algorithms are still fairly esoteric 
(there are probably more articles on integer programming 
than there are real world uses of it) , this effort has 
had a substantial inpact on many large organizations. 

By way of contrast, models need not be so complicated in use 
that the using organization requires special staffing with 
persons of extraordinary talent. In no way does a simple to 
use model mean the model is of limited use, even though it 
fails to operate as an optimizing model. It has to be noted 
very clearly that an optimizing model can produce a solution 
which i;g not politically, economically, socially or 
operationally feasible, i. e., if unlimited assets and all 
th.e information were there in the first place, a model would 
not be required. "Many DSS are model based and typical of 
the management science tradition, but also tend to be fairly 
simple and sacrifice technical elegance in order to make 
them more conceptually accessible to the user. Several of 

33 Ibid., p.45. 
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the most effective DSS were are familiar with would be 
disdained by most management scientists. "34 There is an 
optimal mix and volume of information input for any manager. 
"Complexity Theory" argues that too little or too much input 
load leads to boredom resulting in the model or DSS getting 
little use. It is apparent that too much information may be 
as dysfunctional as too little. This follows from the "0- 
Curve Hypothesis: Information processing by ’people in 
general' reaches a maximum level of structural complexity at 
some optimal level of environmental complexity (point X in 
Figure 2.). Increasing or decreasing environmental 
complexity (points Z and Y) from the optimal point (X) 
lowers the conceptual level. "^s 



Level of 
Information 
Processing 




Environmental Complexity 
Figure 2: Complexity Theory 



Ibid., p.59. I 

35 shroder, H. M, Driver, M. J. and Steufert, S. , Human 
I nform ati on Processin g. Holt, 1967, P.37. 
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2. Simulat ion Ve r sus O pti mization 

As seen previously in this Chapter# models designed 
to support managers' decisions may be conceptually different 
from the more rigorous optimization algorithms used in the 
areas of structured decision-making. Model usefulness does 
not correspond to sophistication. "Small# informal models 
that get better answers than now exist are required# not 
elegant sophisticated examples of the researcher's art. 
Simulation models# which represent a manager's concept of 
the key interactions of environmental variables# may be much 
more useful than optimization algorithms that are conceptual 
abstractions of the problem. "3* Note that the statistical 
descriptions of the SASSY Management Unit data in Table 1 
lend themselves to use in a simulation model. 

3* Re g res s ion Analys is 
a. Introduction 

"Simply stated# regression analysis is the 
utilization of relationships between variables (taken from 
historical data) to predict values of a specific variable 
when given the values of the others. The technique of 
regression analysis enables the system manager to substitute 

36 Ibid.# p.93. 

3^.Deakin# E. B. and Granof, M. H.# Directing Audit Effort 
Using Regression Analysis#" C£^_j2o!iEnal# (Feb.# 1966)# p.29. 
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statistical judgement, based upon the variable relationships 
over time, for intuition. Because of the statistical 
properties of regression equations, he has a feeling for the 
confidence he should place in the predictions made as a 
result of inputing data to the regression equation. Many 
regression problems involve more than one independent 
variable. An equations encompassing more than one 
independent variable is called a multiple linear regression 
model. The model takes the general form 

y = B + BX BX * ♦ BY + Error term 

Oil 22 k k 

The parameters B^, B^ B^ are called regression coeffi 

cients. B is a constant. In more technical terms, "This 
0 

model describes a hyperplane in the k-dimensional spaces of 
the independent variables . The parameters are called 
partial regression coefficients because they describe the 
partial affect of a given independent variable on the 
dependent variable, Y, when the other independent variables 
are held constant. The method of least squares is used to 
estimate the regression coefficients. 



38 Hines, M. H. and Montgomery, D. C., Probab ili ty and 
Statistics in Engineering and Management Sclence7 Second 
EH77 aohn-¥iIey~S Sons7"TgBU7"pT3gi7 
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b. Proprietary Statistical Software 

Many proprietary statistical software 
packages are available with regression routines. The two 
used for the statistical work in this thesis were 

Statistical Package for the Social Sciences (SPSS).^^ and 
the UCLA Health Sciences Center Biomed (EflDP).^o A 

preference was developed for the BMDP 2R Stepwise Regression 
program to identify variables for further work using the 
BHDP 9R All Possible Subsets Regression. BMDP 2R computes 
the estimates of the parameters of a multiple linear 
regression equation in a ’’stepwise" manner, i. e., the 
variables are introduced to the equation (forward stepping) 
or extracted from the equation (backward stepping) one at a 
time according to their individual confidence intervals. 
Generally, a 95 percent confidence interval was used when 
introducing new variables. In developing the regression 
equations, notice was taken of the fact that the regression 
model was to be used to predict future observations of 
various independent variables. 



39 Hie, N. H., Hull 
and Bent, D. H. , " 
Sciences", 2nd. Ed. 
■HcT3faw=Hill, 197 5) 



, C. H., Jenkins, J. G. , Steinberger, K. , 
S£SS: Statistical P ac k age for th e Soc ial 



90 Dixon, W. 
Comput' 

*Univ7 



J. and Brown, M. 



Computer Programs P-Series", 
of“ClTPfess,Tg777“ 
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c. Extrapolation 

A model that fits well in the region of the 

original data will in all likelyhood fit poorly outside that 

original region. When the models developed in this thesis 

are forwarded for use at the SASSY Management Unit, care 

must be taken not to inadvertantly extrapolate beyond the 

region containing the original data. The levels of the 

variables joint ly def ine the region containin g th e origi nal 

data . Figure 3 provides a graphic display of how easy it is 

to extrapolate beyond the region defined jointly by the 

orginial data. One could easily think that the 

point (X ,X ) lies outside of the joint region of the 
01 02 

region of the original observations even though x^ ^ lies 

within the range of X as X lies within the range of X'. 

02 

Thus, attempting to predict the value of a new observation 

at (X ,X ) would be an extrapolation of the original model 
01 02 

and would tend to result in an unsatisfactory prediction. 
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Figure 3; Extrapolation from Joint Region of Original Data 

d. Model Accuracy 

The technique used to determine the adequacy 
of the multiple linear regression models was that of the 
coefficient of determination (COD) . COD is a measure of 
the amount of variance in the dependent variable explained 
by the variance in the independent regressor variables. 
Adding variables will increase COD but does not necessarily 
add to the predictive power of the regression equation. In 
building the models, variables were not entered into the 
equation using BHDP 2R unless they successfully passed an F- 
test hurdle at the 95 percent confidence interval. 

e. Residual Analysis 

Normal probability plots of the •’residuals'* 
were produced for each regression equation to provide an 
idea of whether the error terms were going to be a problem. 
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In those cases with several outlying values in a given 
variable, an effort was made to find other variables which 
could be used instead and not detract from the predictive 
power of the equations. These normal probability plots of 
the residuals are presented in Appendix D. Note that for 
the most part, the effort to find equations with normally 
distributed error terms was quite successful. Ideally, the 
x-axis spread in the graphs would be a small number and that 
it would be symmetrical about a point 0 standard deviations, 
and the graphed values would appear as a straight line. 
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IV. STATISTICAL AHALY5IS 

A. INTRODOCTION 

This chapter is included as background information for 
those who would use the regression equations in the future 
and who feel more comfortable with knowing how those 
equations were developed. Presented in this Chapter are the 
actual regression equations developed through use of rhe 
BMDP 2R and BMDP 9R regression programs. In those cases 
where the BMDP 2R program produced an equation with many 
variables, all of which exceeded the 95 percent confidence 
hurdle to enter by F-test, BMDP 9R was utilized to weed out 
the extraneous variables. The BMDP 9 r All Possible Subsets 
Regression has the advantage of being able to define ’’best” 
subsets in terms of Mallows' Cp.*^ Mallows' Cp was used in 
BMDP 9R as a criterion along with the F-Tests in BMDP 2R to 
determine selections from the set of possible regression 
variables. when both the F-Test and Mallows' Cp failed to 
reduce the regressor variables down to a small number, the 
regression equation coefficient of Determination (Squared 

Mallows' Cp = RSS/RMS - (N-2p'J where RSS is the residual 
sum of squares based upon selected independent variables and 
RMS is the residual mean square based upon the regression 
using all independent variables. It is thus shown that the 
lower the Cp value, the less the error terms. 
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Multiple Correlation-SMC) was used in a fairly arbitrary 
fashion. It was prefered to keep the SMC value above .95# 
though anything above .90 or even .35, would probably be 
considered quite satisfactory for predictive purposes. The 
prefered number of regressor variables was five or fewer 
though as may be seen in the remainder of this Chapter, five 
was frequently an optimistically low number. In every case, 
it was prefered to use lagged variables in the equations. 
The variable pool started with 33 variables previously 
listed and then was increased by an additional 93 variables 
by lagging each one of the primary 31 variables one, two and 
three months, ♦s The remainder of the variables in the pool 
were composite variables, mainly cross-products, cross- 
divisions, additions and subtractions with both the primary 
variables and the lagged variables and a mix of the two 
types. The total number of variables in the pool from which 
the BMDP 2R and BMDP 9R programs could select was 250. 
Though only linear transformations of the data were made, 
there was a strong preference for untransformed variables. 
In all cases, no more than ten variables were considered 
acceptable. There were two reasons for this decision: 



♦2 71 lagged one month is shown as V1L1 ; lagged two months 
V1L2; lagged three months 71L3. 
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1. The additional variables were believed to explain 
only the peculiarities in the data sets for Fiscal Years 
1979 and 1980. There was no indication that fine-tuning the 
equations cn historical data would have any utility in 
predictions using future data sets. 

2. The problem of technology transfer limited the model 
to those which could easily be used with little training. 
The Texas Instruments TI-59 Programmable Calculator has only 
ten lettered registers that would be simple for clerical 
personnel to use (A through E and A* through E')f and it was 
decided early in the technology transfer effort to use a 
readily available and inexpensive calculator such as the 
TI-59. 

B. REGRESSION EQUATIONS BY VARIABLE 

The equations in the following pages describe each one 
of the SASSY variables identified and defined in Chapter II. 
Using 74 as an example, the equation would be read as 

V4 = -2. 86727 + 1.41 675 (722) . 1 1 1965(733) + 

.0004511 ( V18L2) 
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V I — Compl ete Fi ll ,R at e 



MALLOWS' CP 

SQUARED MULTIPLE CORRELATION 
MULTIPLE CORRELATION 
ADJUSTED SQUARED MOLT. CORR. 
RESIDUAL MEAN SQUARE 
STANDARD ERROR OF ESTIMATE 
F- STATISTIC 

NUMERATOR DEG. OF FREEDOM 
DENOMINATOR DEG. OF FREEDOM 



variable I regression I 

NUMBER 1 COEFFICIENT! 



3.11 

.98797 

.99397 

.98149 

.409342 

.639798 

152.51 

7 

13 



STANDARD j STD | T- j 

ERROR jCOEFF | STATISTIC | 



10.861 
15.361 
9.02 J 
-15. lOj 
-6.81 I 
- 2. 69 I 
-2.531 
-4.431 



INTERCEPT 


1 61.16161 


5.63396} 


13. 005) 


V15 


1 .0006860951 


.0000457358} 


.641 } 


V17 


1 .370688} 


. 0410925} 


.460) 


V29 


1 -.00216137} 


.000143157} 


-.782} 


*V101 


1 -2. 27683} 


.334367} 


-.303) 


V5L1 


)-. 000313168} 


.000116596) 


-.138) 


V5L2 


{-.000329035} 


.000127650) 


-.153} 


V7L1 


}-. 0006 18333} 


.000180242} 


-. 186} 



AVERAGE RESIDUAL 
RESIDUAL MEAN SQUARE 
AVERAGE DELETED RESIDUAL 
AVERAGE SQUARED DELETED RESIDUAL 
(PREDICTION MEAN SQUARE) 

SERIAL CORRELATION 
DORBIN-WATSON STATISTIC 



. 55089652 
-.2706 
2. 5104 



.0000 

.40934184 

.0235 



* V101 = V11/V12 
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2. 72 — RO Fill Rate 

MALLOWS* CP 

SQUARED MULTIPLE CORRELATION 



3.06 

.90879 



MULTIPLE 


CORRELATION 




.95330 




ADJUSTED 


SQUARED MULT. COER 


• 


,86970 




RESIDUAL 


MEAN SQUARE 




2.207152 




STANDARD 


ERROR OF ESTIMATE 




1.485649 




F-STATISTIC 




23.25 




NUMERATOR DEG. OF FREEDOM 




6 




DENOMINATOR DEG, OF FREEDOM 




14 




VARIABLE 


(REGRESSION j 


STANDARD | 


STD 1 


T- } 


NUMBER 


1 COEFFICIENT! 


ERROR jCOEFP | STATISTIC j 


INTERCEPT 1 75,43151 


2.274811 


18.328} 


33. 16} 


716 


1 .0007247381 


.0001188431 


.752} 


6. 10 } 


721 


1 .0005779441 


.0001436821 


.4611 


4.02} 


728 


1 -.001916841 


.0004319881 


-.5801 


-4.44 } 


729 


1 -.002323521 


.0002469751 


-.960} 


-9.41 } 


730 


i .004484811 


.0018435 1 1 


.842} 


2.43 } 


* 7109 


1 -.004209161 


.00141401 1 


-1.076} 


-2.98} 

} 


AVERAGE 


RES DIDUAL 




.0000 




RESIDUAL 


MEAN SQUARE 


2. 


20715228 




AVERAGE 


DELETED RESIDUAL 




. 1078 





AVERAGE SQUARED DELETED RESIDUAL 
(PREDICTION MEAN SQUARE) 

SERIAL CORRELATION 
DURBIN- WATSON STATISTIC 



3. 45362346 
-0.3443 
1.9962 



* 7109 = 730 + 731 
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3. 73 — Num ba r of N ationial Stock Num bers On Hand 



MALLOWS' CP 

SQUARED MULTIPLE CORRELATION 
MULTIPLE CORRELATION 
ADJUSTED SQUARED MULT. CORR. 
RESIDUAL MEAN SQUARE 
STANDARD ERROR OF ESTIMATE 
F-STATISTIC 

NUMERATOR DEG. OF FREEDOM 
DENOMINATOR DEG. OF FREEDOM 



3.34 
. 98719 
.99357 
.98398 
1 14832.666048 
338. 869689 
308. 21 
4 

16 



VARIABLE 


IREGRESSION | 


STANDARD 1 STD 1 


T- 1 


NUMBER 


1 COEFFICIENT! 


ERROR ICOEFF 1 STATISTIC 1 


INTERCEPT 1 1967.911 


2509.281 .7351 


.781 


721 


1 0.9385431 


.02727261 1.1511 


34.41 1 


77 


1 .6453351 


.05515111 .4091 


1 1.701 


79 


1 63.55841 


15.61331 .1571 


4.071 


72 L3 


1 -42.67411 


23.45781 -.0571 


-1.821 


AVERAGE 


RESIDUAL 


-.00000 




RESIDUAL 


MEAN SQUARE 


114832.66604762 




AVERAGE 


DELETED RESIDUAL 


-15.7207 




A7 BRAGE 


SQUARED DELETED RESIDUAL 




(PREDICTION MEAN SQUARE) 


162507. 99379020 




SERIAL CORRELATION 


-. 01 190 




DURBIN-WATSON STATISTIC 


2.2027 
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V 4 — Dol lar Va lue of NS N*s on Ha nd 



MALLOWS' CP 4.00 
SQOARED MULTIPLE CORRELAriON .95572 
MULTIPLE CORRELATION .97761 
ADJUSTED SQUARED MOLT. CORR. .94791 
RESIDUAL MEAN SQUARE . 108623 
STANDARD ERROR OF ESTIMATE .329579 
F-STATISTIC 122.32 
NUMERATOR DEG. OF FREEDOM 3 
DENOMINATOR DEG. OF FREEDOM 17 



VARIABLE (REGRESSION | STANDARD | STD 1 T- j 

NUMBER I COEFFICIENT! ERROR j COEFF j STATISTIC j 



INTERCEPT 1 


-2. 867271 


1. 19748} 


-1.986} 


V22 1 


1.41675} 


.105577} 


.96 9 1 


V33 1 


. 1 11965} 


. 0156087} 


.481} 


V18L2 1 


.000451100} 


.000107653} 


. 363} 



AVERAGE RESIDUAL -.0000 



RESIDUAL MEAN SQUARE 


. 10862259 


AVERAGE DELETED RESIDUAL 


-.0211 


AVERAGE SQUARED DELETED RESIDUAL 




(PREDICTION MEAN SQUARE) 


. 16228710 


SERIAL CORRELATION 


-.1115 


DORBIN-WATSON STATISTIC 


2. 1324 



-2.391 
13.421 
7.171 
4. 191 
I 
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5. 75 — Num ber of NSN *s wi t h an RO 



MALLOWS' CP 

SQUARED MULTIPLE CORRELATION 
MULTIPLE CORRELATION 
ADJUSTED SQUARED MULT. CORE. 

residual mean square 

STANDARD ERROR OF ESTIMATE 
F-STATISTIC 

NUMERATOR DEG. OP FREEDOM 
DENOMINATOR DEG. OF FREEDOM 



9.00 
. 98412 
.99203 
.97353 
99698.508422 
315.750706 
92.93 
3 

12 



variable 


1 REGRESSION | 


STANDARD } 


STD } 


T- } 


NUMBER 


1 COEFFICIENT! 


ERROR }COEFF j STATISTIC } 


INTERCEPT 


1 1659.80} 


1826.13} 


. 855} 


.91} 


V5L1 


1 .4554321 


.0419624} 


.487} 


10.85 } 


* V86 


1 16284.6} 


1333.71 } 


.558} 


12.21 } 


V27 


} 174.601} 


23.0295} 


.389} 


CO 

in 

• 


V13 


1 -6.24312} 


.633013} 


-.541 ! 


-9.86} 


V30 


} 1.01851} 


.125008} 


.406 } 


8. 15 } 


725L3 


} .0758910} 


. 0177060} 


. 196} 


4.29 } 


V14L3 


} 12.5111} 


3.06201 } 


. 195) 


4.09 } 


V3L1 


} -. 0694088} 


. 0287384} 


-.096} 


-2.42} 


AVERAGE RESIDUAL 




-.0000 




RESIDUAL 


MEAN SQUARE 


99698 


.50842174 





AVERAGE DELETED RESIDUAL 50. 1657 
AVERAGE SQUARED DELETED RESIDUAL 

(PREDICTION MEAN SQUARE) 177873.69524223 
SERIAL CORRELATION -.6419 
DURBIN-WATSON STATISTIC 3.1009 



* V86 = V2L1/V31L3 
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